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Suprarenal and thoracoabdominal aortic aneurysms represent significant surgical challenges. For patients with associated
aortic dissections, current endovascular technology has not been matured to address branch reconstructions that derive
from separate lumens, making open surgical reconstruction the only proven method for repair. The required exposures
of the thoracoabdominal aorta are expansive, and the extent of aortic replacement mandates efficient technique.
Furthermore, a well-orchestrated team of surgeons, nurses, anesthesiologists, and perfusionists are all integral to
achieving good outcomes and keeping operative courses tightly managed. Techniques to address extensive aneurysms of
the thoracoabdominal aorta are reviewed in detail here, and videos are provided on The Journal website to show relevant
anatomical features. ( J Vasc Surg 2009;50:936-41.)Operations on the thoracoabdominal aorta have bene-
fited from decades on technical refinement.1,2 Adjuncts,
such as distal aortic perfusion via extracorporeal circuits,
in-line shunts, and cold renal perfusion are now commonly
employed to reduce the ischemic injury to critical spinal and
renovisceral territories during the aortic reconstruction.3-6
Advances in intraoperative monitoring can allow for proper
monitoring to reduce the incidence of spinal cord injury.7
Good clinical outcomes can be achieved using any combi-
nation of adjunctive techniques, and technical performance
of such resource-intensive procedures is improved greatly
by the assembly of a multidisciplinary team of surgeons,
anesthesiologists, and perfusionists to maximize operative
efficiency and promote good communication. In general,
the required exposures of the aorta are expansive, and
provided herein are technical insights to achieve proper
aortic exposures to “set-up” an operation for success. The
accompanying videos on the electronic version of The
Journal are referenced by the time elapsed to accompany
the following narrative and show relevant anatomical fea-
tures.
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936PREOPERATIVE PLANNING
High quality axial imaging, preferably by computed
tomography (CT) angiography, provides important ana-
tomic detail to plan the extent of aortic replacement. If
imaging suggests the presence of significant aortic ather-
oma, dense calcifications, or nearby aortic branch ostial
disease, the surgeon should seek a more proximal level for
aortic clamp location to avoid atheroembolization or dis-
section in diseased aortic segments. Three-dimensional im-
aging, although not required, can help ascertain accompa-
nying renal or visceral artery origin stenosis, which would
require an endarterectomy. Furthermore, if clinical history
is suspicious for significant lower extremity occlusive dis-
ease or chronic mesenteric ischemia, I have often added
intra-arterial digital subtraction angiography to delineate
targets for revascularization if reperfusion is poor after
completion of the aortic reconstruction (see online video
0:15-0:41).
PATIENT PREPARATION
For Type I-III thoracoabdominal aortic aneurysm
(TAAA), a double lumen endotracheal tube is placed for
isolation of the left lung and to facilitate exposure of the
thoracic aorta and mediastinal structures for partial left
heart bypass. For Type IV and suprarenal abdominal aortic
aneurysm (AAA), the chest is not opened widely or partial
bypass employed, and thus lung isolation is not necessary.
Cerebrospinal fluid drainage is used routinely for Type I, II,
and III TAAA. The patient is positioned in the same basic
position for all thoracoabdominal approaches. With the left
chest rolled upward to 70° to 90°, the pelvis is rotated
approximately 30°. A left axillary roll and adjustable bean-
bag are used to support this position after the table is flexed
and rolled during the operation (see online video 0:41-1:20).
JOURNAL OF VASCULAR SURGERY
Volume 50, Number 4 Black 937Before draping, the ribs are counted to identify the proper
intercostal space for the needed exposure (Fig 1). The left
chest, left flank, and both groins can be draped into the
field, although in the obese patient, right groin preparation
can be very tedious.
EXPOSURE OF ABDOMINAL AORTA FOR TYPE
IV TAAA AND SUPRARENAL AAA
I strongly prefer to keep the thoracoabdominal ap-
proaches retroperitoneal, thereby reducing convective fluid
and temperature losses encountered by an open perito-
neum. For Type IV TAAA and suprarenal AAA, an incision
in the 9th intercostal space will suffice (Fig 1). To find the
retroperitoneal space, it is easiest to find the transversalis
muscle fibers at the costal margin (see online video 1:50-2:
30). The fibers of this muscle are oriented transversely
across the top of the peritoneal sac and can be split easily to
see the peritoneal sac, which is then bluntly movedmedially
out of the left retroperitoneal space (see online video 2:30-
3:30). The costal margin is divided (often with 5-6 cm of
radial diaphragm division), the blunt mobilization of the
left retroperitoneum completed, and the anterior abdomi-
nal wall is then divided after the peritoneum is swept across
in clockwise sweeps from the left lower quadrant (see online
video 3:30-4:30). The left common iliac is usually easily seen
Fig 1. Incision sites for extensive aortic aneurysms.at this point overlying the psoas muscle. The ureter will beon the back of the peritoneal sac (see online video 4:15-4:20).
I then place a static retraction device to hold the costal
margin and peritoneal sac in position. Removal of segments
of the rib to enter the retroperitoneum is not necessary and
leaves the underlying intercostal nerves uncovered and
prone to neuropraxic injury during retraction and may
result in flank muscle denervation and bulging.
The left renal artery is identified to orient the visceral
aortic dissection. A relatively constant structure nearby the
left renal artery origin is the lumbar vein, which rises from
the psoas groove to enter the renal vein, taking a course
around the left side of the aorta (see online video 4:40-5:05).
Once sacrificed, the kidney can be retracted safely and the
overlying retroperitoneal fat divided with electrocautery or
sharp dissection (see online video 5:30-6:00). Retractors are
repositioned now for the final set-up (see online video 6:00-
6:20). Once the left renal artery is located, the hiatus of the
diaphragm is opened at the 2 o’clock position (see online
video 6:30-6:45); this allows the upper retractor to drive the
diaphragm cephalad, exposing the celiac axis (see online
video 6:45-7:20). As shown in the patient video, the supe-
rior mesenteric artery (SMA) may assume a position di-
rectly behind the left renal artery due to the tortuousity of
the pararenal aorta, and often times it is easiest to complete
the sharp dissection of the other branches and their sur-
rounding connective tissues before finding the SMA (see
online video 7:15-7:30). The clamp for the left iliac may be
inserted through the abdominal wall to remove it from the
field, the hole being used later for placement of retroperi-
toneal drain (see online video 7:30-7:40).
EXPOSURE FOR TYPES I, II, III TAAA
In the more extensive incisions required, two surgeons
are able to begin the thoracoabdominal exposure concur-
rently. The choice of incision is dependent on the extent of
the TAAA and is depicted in Fig 1. A standard posterolat-
eral approach is taken, ribs counted, and the pleural entry is
made. The skin incision can be carried anteriorly in the
appropriate interspace toward the costal margin and the
abdominal wall. The dissection of the retroperitoneum and
abdominal aorta is performed as described above. Notably,
for Type I TAAA, I prefer two thoracotomies (5th and 8th
interspace) done through a single skin incision – the myo-
cutaneous flap of the skin and latissimus muscle is easily
elevated in an avascular plane off the chest wall to achieve
the exposure. This technique allows sufficient exposure of
the proximal descending aorta while also providing for
diaphragm mobilization and identification the visceral
branches for distal clamp location.
Division of the diaphragm (see online diaphragm video)
is best accomplished in a circumferential fashion. Complete
radial division will certainly destroy the branches of the
phrenic nerve, inviting pulmonary complications postoper-
atively. Partial diaphragmatic division laterally and sepa-
rately under the hiatus forces the surgeon to work under
the diaphragm unnecessarily. It is not necessary to strip the
peritoneal sac from the undersurface of the diaphragm, and
doing so often strips the overlying thin fascial tissue causing
ifferin
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sion early, the surgeon can leave the diaphragm adherent
over the peritoneal sac. Once divided, the entire left retro-
peritoneum is pulled medial in one broad retraction. In the
Type I, II, III TAAA, the diaphragm is divided with a 2-3
cm rim left along the chest wall once the costal margin is
divided. The medial, innervated portion of the diaphragm
is left adhered over the peritoneal sac, preventing its con-
traction and allowing the surgeon to roll the diaphragm
back into anatomic alignment at the end of the operation
(Fig 2).
The thoracic aorta is covered by only a thin layer of
parietal pleura which is openedwith electrocautery. The left
vagus nerve crosses the distal arch and the recurrent laryn-
geal nerve will be seen coursing from it and diving under
the arch at the ligamentum arteriosum. The phrenic nerve
is noted more medially. Dissection of the aortic arch can be
tedious, worsened in those patients with extremely elon-
gated and steep angulation of the arch from long standing
hypertension or connective tissue disorder. In such cases,
manual retraction caudad by the first assistant may allow
sharp dissection of the upper mediastinal fat and surround-
ing tissue to identify a suitable proximal clamp zone. If
clamping is required between the left subclavian and left
Fig 2. Lines of division for dcommon carotid origins, the ligamentum arteriosumshould be divided. On occasion, this structure may be
patent and lead to significant bleeding on the lesser curve of
the arch, so it should be suture ligated on the both ends of
the ligament routinely.
RECONSTRUCTION OF THE AORTA
Techniques of partial bypass are beyond the scope of
this review, but division of the inferior pulmonary ligament
to cannulate the left inferior pulmonary vein for outflow
during left heart bypass and left femoral artery inflow for
distal perfusion during Types I, II, III TAAA is preferred.
The inferior pulmonary vein is mobilized toward the peri-
cardium and a pursestring of 4-0 braided nylon and is
placed. The vein is entered sharply, then dilated with a fine
clamp to allow introduction of the venous cannula. This
vein is large enough to accommodate a 24Fr venous can-
nula delivered into the left atrium to provide adequate
drainage for partial bypass, usually supporting 2-4 liters/
min for distal perfusion. This vein should not be encircled
as the bronchus lies behind and could be easily torn. For
Type III TAA, it is tempting to cannulate the proximal
descending aorta for inflow to the bypass circuit, yet repair
of an arterial cannulation site is inherently more at risk for
bleeding or cannula associated-dissection, thus, in most
g extents of aortic aneurysm.cases, the inferior pulmonary vein site is preferred. Our
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monitoring for detection of spinal cord ischemia, so to
avoid left leg ischemia during femoral cannulation, an 8
mmDacron chimney is anastamosed end-to-side to the left
common femoral artery to provide antegrade and retro-
grade femoral in-flow. Unilateral left leg ischemia from lack
of antegrade femoral flow, if the cannula is placed directly
transfemoral retrograde, will confound MEP monitoring.
Distal perfusion with moderate hypothermia is main-
tained at 32°C. Sequential clamping is used to isolate the
Fig 3. Sequential stages of Type II TAAA. In Stage 1, th
reinforcement while distal perfusion maintains interco
maintained while patent intercostals are controlled with
islands.proximal descending aorta during the proximal anastamo-sis, the lower thoracic aorta during intercostal inclusion
patch anastamosis, the abdominal aorta during the visceral
reconstruction, and lastly the pelvis and legs for final anas-
tamosis. The perfusionists should maintain flows to provide
distal pressures of 60 mm Hg. Once the proximal anasta-
mosis and intercostal inclusion patch is completed, rewarm-
ing begins slowly (Fig 3).
After the iliac and visceral vessels are controlled, the
abdominal aorta is opened posterior to the left renal artery
(see online video 8:45-11:30). If on bypass, circuit flows are
ximal anastamosis is performed with circumferential felt
nd renovisceral flow. In Stage 2, renovisceral flow is
oon occlusion catheters for creation of aortic inclusione pro
stal a
ballusually decreased markedly at this point to avoid excessive
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ceral aorta is opened, the ostia of the renal arteries is flushed
with 4° saline for 250 cc per kidney to aid renal preserva-
tion, using a 12 Fr venous cannula (see online video 11:30-
12:00). Amixture of 72 gmannitol and 500mg solumedrol
premixed per liter of normal saline can be used. Caution
should be used with excessive renal flushing, as significant
hypothermia may promote arrhythmias and poor myocar-
dial performance. This can be repeated before left renal
reconstruction if systemic temperature is not overly affected
(Fig 4).
Left renal artery reconstruction can be accomplished by
Carrel patch or by grafting. The latter may be preferred for
several reasons. First, a Carrel patch usually requires the
renal anastamosis to be very close to visceral patches in
TAAA and adjacent to the proximal suture line in suprare-
Fig 4. Sequential stages of Type II TAAA. In Stage 3, p
aortic flow perfuses the intercostal patch during ren
reconstructed.nal AAA, making separate and sequential clamping toreperfuse the other viscera impossible. Second, when a left
renal endarterectomy is needed (see online video 12:30-13:
30), the residual artery is thinned and prone to kink when
the kidney is reflected back to the left retroperitoneum
during closure. The left renal bypass graft can be precon-
structed before opening the aorta to avoid extra left renal
ischemic time. Distal aortic anastamosis or biiliac or
bifemoral grafting (as in online video) will complete the
repair.
CLOSURE OF THE THORACOABDOMINAL
INCISION
This is the “operation after the operation” (see online
video 13:30-15:30). It should be done very well to stabilize
the costal margin/chest cage and to secure the chest wall
and abdominal musculature to promote return to function.
flow is maintained with distal perfusion while antegrade
eral reconstruction. Lastly, the aortic bifurcation iselvic
oviscResidual aneurysm sac can be closed over the aortic graft
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neal sac are reflected back into the left retroperitoneum
over a large diameter axiom drain brought through the
abdominal wall through the former site of the left iliac
clamp. The diaphragm should be approximated next with
figure-of-eight interrupted 0-silk sutures, leaving the final
several centimeters to be done after chest closure from the
abdomen. (See online diaphragm video) Pleural chest tubes
are placed in all cases except Type IV TAAA and suprarenal
AAA, wherein minimal chest entry and lack of proximal
suture line in the chest reduces the risk of significant
effusion. The interspaces should be closed with #2 looped
absorbable sutures and the cartilaginous joint between ribs
at the costal margin excised to stabilize the area and prevent
ribs overriding one another. The chest wall musculature is
closed in two layers, the first to include the serratus and
deep fascia and the next to include the latissimus and its
aponeurosis. The anterior abdominal wall is addressed with
an interrupted, full thickness closure of the external oblique
aponeurosis, internal oblique muscle, and transversus ab-
dominus muscle using slow absorbing #1 Maxon sutures.
CONCLUSION
Repair of extensive aortic aneurysms is really three
operations – getting there, getting it done, and getting out.
The best outcome usually follows when the surgeon is
honest with assessing the extent of exposure required, the
length of aorta needing reconstruction, and patience with
addressing the coagulopathy that often accompanies such
demanding operations. With proper patient preparation,
operative planning, team communication, and diligent
technique, extensive aortic operations can be performed
safely with excellent results.8-10
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